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INTRODUCTION

This is the Third Quarterly Progress Report under NAS-5-9107,
Modification 6. Among the subjects discussed herein are experiments
improving the conductivity of methyl cellulose membranes by precooling
in aqueous alkali, or by pre-soaking in alkali solutions less concentrated
than those to be used in the battery cell, as well as by formulating with
various polar additives including tetramethylammonium hydroxide, Certain
acrylic copolymer systems have been prepared as candidates for improved
battery separators., Other work in progress includes multiple wraps with
alternating layers of different types of membrane,
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2.
SUMMARY & CONCIUSIONS

1) Physical modifications of methyl cellulose membranes to more
permeable structure was accomplished by precooling at below -55° C. and by
presoaking in KOH concentrations below those used in the cell.

a) Precooling a methyl cellulose membrane at below =55° C. in
304 KOH lowered tge resistance of the membrane at room temperature from
590 milliohms-in,“ to an average of 60 milliohms=-in.© The low resistance
persisted over a 134 day period, Increased swelling and increased diffusion
rate for silver accompanied the resistance change.

b) Presoaking methyl cellulose membranes in 15% KOH lowered the
resistance in both 30% and 45% KOH and likewise increased swelling and permea-~
tion to silver ion.

2) Application of these permeabilization procedures to methyl cel-
Julose compositions with polar additives resulted in a wide range of electro-
lytic resistance, Certain films had resistance lower than cellophane; although
silver diffusion rate would be too high for use in Ag/Zn or Ag/Cd cells, such

- films might have application in other types of cells.

3) Experimental cells are under test at Electric Storage Battery
Company in which the electrodes are wrapped with alternating layers of differ-
ent types of membrane., One type is predominantly polyvinyl alcohol and designed
to stop silver by chemical action, The other type is predominantly methyl
cellulose resistant to silver oxidation and penetration by zinc metal, Membranes
of half-thickness (0.8 mil) were prepared for this assembly,

L) The tendency of membranes to crack at the U bend is being studied,
Preliminary experiments were carried out on applying plasticizer, including the
electrolyte, at the area of stress,

5) €3 film cast from solutions buffered with KOH to pH 8 has resist-
ance in 45% KOH lowered from about 500 milliochms=in.? to 19 milliohms-in.? This
was accompanied by a threefold increase in the average silver diffusion rate.
However, practicality of these buffered films is limited by difficulties in
their manufacture.

6) A battery of cells prepared with C3 separator was charged three
times and held for stand-time periods before discharge of 76, 104 and 174 days.
Capacity was reduced to an average of 90%, 70% and 286% of nominal after the
respective stand times.

7) The effect on resistance of long exposure (3 to 18 months) of
representative membranes to soluble silver oxide in 304 KOH was found to be
relatively minor. This was true even with readily oxidizable films such as
cellophane and polyvinyl alcohol which show high loss in strength.
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8) Copolymers of methacrylate esters with acrylic acid were
prepared by selective hydrolysis of the corresponding esters. Compositions
up to 45 mole % of acrylic acid were prepared. These gave typically brittle
films, Neutralization in part or completely with bases gave more flexible
films capable of being handled. Resistance values on one preparation were
below those of cellophane in 30% KOH, somewhat higher than cellophane in 45%
KOH, Silver diffusion rates were correspondingly high,

9) A methyl cellulose composition incorporating 10% tetramethyl
ammonium hydroxide on the polymer gave resistances in 453 KOH of from 45
to 62 ohms-cm on four replicate preparations and MIT Flexes of 4000 to 7000
cycles, Performance in experimental Ag/Zn cells at Norberg Research Center
was good.

10) Electrolytic resistancesof selected films were measured in
concentrated KOH saturated with Zinc oxide. In 45% KOH, resistances were
in some cases increased considerably over the corresponding resistances in
ZnO-free electrolyte. '
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DATA & DISCUSSION
A, Modification of Methyl Cellulose Membranes by Pre-Cooling

The observation that heating a methyl cellulose film at 80° C,

~in 45% KOH increases its electrolytic resistance suggested that pre-cooling

in electrolyte might have the opposite effect, Experiments have shown that
this is indeed the case. For these experiments 307 XKOH was chosen because of
its low freezing point, and a bath temperature of 55-60° C, below zero was
maintained with dry ice and isopropanol. This .was just short of the freezing
point of the electrolyte. Following the cold treatment, the 30% KOH was warmed
to room temperature and the resistance of the films measured in duplicate, with

. the results shown in Table I,

TABIE I, - Effect of Pre-Cooling Methyl Cellulose Films (1.5 mils)
on Electrolytic Re§§stance

Exﬁf. Nb. 482=  Control
562~ 7 9 11 21 136 MC at
' Room Temp,
Time of soak at 25° C, hrs. O 19 ) 0 0
Pre-cooling at =55° C. to 6 6 7 6 2
-60° C, hrs.

Resistance ~ ohms-cm 25° C.

L days 33.2 - * L7.4 78,6 498
11 days - - . - - - -
2l days - - 52.1 - - -
31 days - - - = - -
leé days hl.O 69014' - - - -
68 days - 49.8 - - - -
90 days - - - 49,7 - -

134 days - 66.0 - - - -

# Used in silver diffusion tests.
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The large lowering in resistance was accompanied by a correspond-

ing increase in the permeability to dissolved silver. As reported in the
Second Quarterly Report, the average rate of diffusion of silver ion throush
the wenbrane increased from 0,243 to 4.55 per day, expressed in units of
percent of the silver charged to one side of the membrane

amount of

The membrane is swollen by the cold treatment, This was shown by
304 KOH imbibed after standing at room temperature for three days.

The weight gain was 884 compared to 25% observed for the membrane when equili-
brated directly in 304 KOH without the pre-cooling treatment.,

The efficacy of low temperature treatment is related to the unusual

solubility characteristics of methyl cellulose which is insoluble (gelled) by

hot water

but soluble in cold water,

The principle of pre-cooling was applied to a B3,3 film (33% poly-

acrylic acid, 674 methyl cellulose), Here also a marked reduction in resist-
ance occurred in 30% KOH as shown below, Very little effect was found in 45% KOH,

TAPLE Ia, Effect of Temperature History on Resistance of B3,3 Film
Conditions Resistance ohms-cm
305 KOH 3 days at 25° C. 26,4
30% KOH 9 hours at -56° C,, 3 days at 25° C, 6.5
45% KOH L days at 25° C, 654,
4,5% KOH 8 hours at -58° C., 4 days at 25° C. 548,
45% KOH 9 hours at -27° C., 4 days at 25° C, 588,

The resistance value for pre-cooled B3.3 film (33% PAA, 67% methyl

cellulose) in 30% KOH is identical to the experimental value found here for
PUDO cellophane,

The most dramatic reduction in resistance was found in pre-cooling

a methyl cellulose film which was cast from a dilute £OH solution incorporat-
ing 9% KOH on the polymer. In 30% KOH the film was greatly softened, showing
a tendency to stick to itself. Resistance was lowered from 74.6 ohms-cm to
1.6 ohms-cm,

Although silver diffusion data on the pre-cooled B3.3 and KC + 94 KOH

films were not obtained a high rate would be predicted on the basis of the cor-
relation of silver diffusion rate with resistance observed in the work of the
Second Progress Report, A film in this resistance range might not, therefore,
be suitable for a silver-zinc cell, but might show advantageous properties

in other cells, as for example oxygen/zinc.




A practical method of applying the pre-coolinz principle in bat-
tery cells would be to assenble the cell as usual with dry membrane, then
add electrolyte and cool the entire cell in a cold box, Time was not avail-
able to include this procedure under the present Contract. In further exploi-
tation of this approach, it would be desirable to study a range of cooling
temperatures, The possibility should be examined of obtaining similar
effects under less severe cooling conditions by strategic cozbination of
KOH-incorporation and cooling. In using the KOH-incerporation approach
without cooling it is desirable to go up to 94 XKOH level, If cooling is
carried out at -55° C., even 0,5% KOH-incorporation leads to excessive
swelling, In order to establish the optimum range of pretreatment condi-
tions, films representing a range of KOH-incorporation should be treated in
a range of concentrations of concentrated KOH over a range of temperatures
and exposure tinies,

The fact that the praperties of methyl cellulose type films are
affected by exposure to cold alkali must be kept in mind in their applica-
tion in battery cells. For example, in space applications terperature
control should be adequate to maintain all film properties including
electrolyte resistance within desirable limits,
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‘ B, lrodification of Films By Pre-Swellinc in 15, KOil

As reported in the Final Report of previous Contract, and on paze
15 of the First Progress Report, when methyl cellulose is pre-swollen in 157
KOH, then equilibrated in 304 or 455 KOH, resistances in the stronger electro-
lytes are of the same order as obtained for methyl cellulose films modified
with polar mixtures. A practical method of exploiting this property of methyl
cellulose would be to wrap electrodes or electrode forms with methyl cellulose,
condition these first in 15% KOH, then equilibrate the asserblies in electro-
lyte of the concentration employed in the cell,

The procedure was extended to include compositions of methyl cellu-
lose with polar additives, As was anticipated, resistances were lowered still
further, in some instances to values below that of cellophane. The dezree of
permeability obtained may be too great  for the silver-zinc cell but could be
of interest for other systems. 7The resulis ul several sucir pre—-swelling
experiments are given in Table II, Silver diffusion experiments on pre-
swollen methyl cellulose were reported in the Second Quarterly Report, 1965.

The major mechanism operating in the pre-soaking procedure is
believed to be the solvating effevt of the dilute KOH. However, qualitative
tests on the 15% KOH liquor after swelling did show the presence of organic

. matter, so that the enhanced conductivity could be derived in part from a
o leaching action by the more dilute KOH.



TABLE II, - Effect of Pre~Swelling Films in 154 XKOH on Resistance
in 307 and 4573 KCH

————

8e

1C C1 c2 B2 E3.3 il +
3375 1Chc
L85-118 421-116  421-102 522-105 504L,-29  534-43
Dry Thickness - mils 1.5 1.5 1.5 1.5 1.5 1.5
Swollen Thickness - mils
Directly in 30% KOH 1.88 2.10 2.13 2.3 2.3 1.8
Resistance ~ ohmc-cm '
Directly in 3C6 KOH 498, 71.2 22.6 152, 26,5 28,1
DI'y Thickness - mils 1.5 105 105 105 105 105
Swollen Thickness - mils
Directly in 45% KCH 1.83 2.07 2.28 1.9 2.1 1.74
1545 —> L5% KOH 2.52 2.30 12,20 2.8 2.8 3.1
Resistance - ohms-cm
Directly in 45% KOH 6080, 905, 738 635, 57h. 53.8
15%-» L,5% KOH £0, 11.2 T.4 9.5 L5 5.6
LCOTES: 1T Iethyl Cellulose
. cl 1075 PVILA/90)5 1C
c2 207% PVidiA/805 MC .
B2 20% PAA/E07 MC + KOH to pH 5

B3.3  33% PAA/67% MC + KOH to pH 4
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D. Buffered C3 Films

The pi of the solution from which C3 film 1s customarily cast
is 2.8. Calculation shows that this corresponds to sufficient acidity
to lower the electrolyte concentration in a tisghtly packed cell from 30%
to 25%. It was therefore pertinent to study the effects of KCOH additions
to the casting solution. Films cast from solutions buffered to pH & and
PH 8 respectively were found to have resistancgs in 45% KCH of 33.8 and 18.8
milliohms~in.~ as compared to 503 milliochms=in.” for custommary unadjusted C3
at pH 2.8, The lowered resistances were accompanied by increased silver
diffusion from 1.9% per day to 5.4% per day, expressed in arbitrary units
of percent of the silver initially charged to one side of the membrane.

Films cast from buffered solutions had a disadvantageous tendency
to fissure on drying, No drying method was found to prevent the fissuring
tendeicy, Thc condition was corrected by including 5% on polymer of either
tetraethyleneglycol or triethanolamine., Films of these compositions were
submitted as NAS-9107-31 and =32 for testing in experimental cells at
Electric Storage Battery Company. As will be reported in the Final Report
under this Contract, performance was not satisfactory.




/E.//I:Iethacrvlic Ester/Acrylic Acid Copolymers

Continuing earlier reported work on these compositions (1)(2),
several copolymers were prepared according to the scheratic in.Figure 1.

Acrylic ester

Methacrylic ester in

Benzene solution 50% conc.
Azobisisobutyronitrile initiator

[Poly;nerize at reflux tempJ'

E Replace benzene with isoprOH]

I” saponify

|

Il@e
CH2-(12'. ‘ CdZ-CH
COOR . COCK
"m 'n

C l"rec:l.p:‘d:a:bel into dilute HC1

-— — . —-—

.
e

—— CHy~- C , CHy - C‘)H ——
4
- CCOR ] _ COCH 1
_ I n
Figure 1

Schematic for Preparation of Acrylate Compositions

Compositions were determined by elementary analysis and by titra-
tion, with fairly good agreement being obtained. Preparations by the method

are given in Table IV,




TABLE IV. - Methacrylic Ester/Acrylic Acid Copolymers

Solution Polymerization in Benzene)

B wrnsn
= ————————e

12.

—

Polymerization Zralsion
Scolution - Fehzene Polyer
Prepn., 5,5-102 563-52 563=T4 563-137
Formulation: Ethyl acrylate e5 o5 oL oL
Methyl methacrylate moles o5 - NS .6
Butyl methacrylate moles - o5 - -
Copolymer Ester solid semi~ solid  solid
solid
Properties Acrylate Ester by Sapon.® Mol, %  42.2  5L.4 48,6 32.15
llydrolycie Product (methacrylic
ester/acrylic acid) solid solid solid  solid
in aqueous bases sol cel sol insecl
in isoprCH sol sol sol insol,
cC % 55.6 62,03 55.92 57.31
H % 7.25  8.45  7.15  7.38
0 # (vy diff.) 37.15  29.52  36.90 35.31
Combined acrylic acid - kol %
from C L4.0 47.8 33.3 33.7
from H 30.8 50.8 29.8 34,7
from O 46,0 L9.2 32.0 336k
Combined acrylic acid by titration 42.3 38,0  46.9 33.6

#Soluble in 95% dioxane~5% water, dimethyl formamide, dimethyl sulfoxide




The solution polymers in the acid form were solids of hish scften-—
ing points and gave brittle films when cast from polar orzanic solvents, As
is evident from the preparative method they were only slightly soluble in
water, The methyl methacrylate/acrylic acid copolymers were completely soluble
in water when an equivalent of base was added and it was possible to cast
films from such solutions.

The effect of the type and quantity of base added on the physical
properties of the resulting films was explored in some detall in the case
of the 485-102 preparations, using as bases KOH, ammonia, 3-hydroxypropyl-
ammine and triethanolamine,

Referring to Table V, it can be seen that when ammonia was the sole
base the resulting film was too brittle to take up, resembling the unneutral-
ized polymer cast from isopropanol. This may be ascrlibed LO Lhe possivility
that such films when completely dry are actually of the same (acid) composi-
tion, ammonia having been lost, in the former case, by dissoclation and
evaporation., Whatever the explanation, the observation was used to control
the degree of flexibility of the films by the ratioc ol permanent (hizher
boiling:), plasticizing amines to ammonia in the solutions from which the
films were cast, as shown in the table.




TABIE V. = Films from Poly(methvl methacrylate/acrylic acid) Prervn, 545-102

. NH Resistance 1T Flex™ Tersile Strensth
Ref, Permanent Base 2 ‘ onms=cm 505 2,5, 505 3, H,
553- equivs,¥equivs.® 305 KOH 457 KOH mils Cycles . psi 4 Zlon-.
37-1 None 2,0 ~ - too brittle to recover
37-2 HPA 1.0 -. 7.2 12.4 too soft to test
37-3 HPA 0.5 1.0 72 - 20,5 1.5 2,368 2,390 189 -
59 (A) HPA 0.5 1.25 o355 26,5 1.9 451 4,400 22
61 TEA 0.5 1.0 L3 26.5 1.7 5,741 1,960 96

‘ .

67 KOH 0.5 1.25 - 47.7 too weak to handle, v, brittle
PUDO 5.9 9.8 1.0 20,000+ 17,300 28
c3 16,1 617. 1.5 754 14,700 9

liofes: * Per acid equivalent in polymer
3% 200 g. Tension ASTM

HPA 1s 3~hydroxypropylamine
TEA is triethanoclamine

() This film was used in silver diffusion tests (Second Report)
in 45% KOH, It showed very low oxidizability. Rate of Ag
diffusion 5.8%/day, which correlated with low resistance.




Samples of the films of Table V were set up in 30 and 457 XCH and
heated at 50° C. over a period of scverzl days as & measure of stability in
. KOH, The times required for disintegration are noted in Teble V-a,
TAEIZ  V-a,
. o vt o Tire for Disinterration - davs
Preparation Modifying Ease *
. . - 7 T ~ .-
30» KCH Lop K

563=37-2 3-hydroxypropylamine L 13
563~59 1 5 L
563-61 triethanolamine 3 g
563-62 KCH 5 12

The raticnale of using methacrylate/acrvicte copolymers is based
on the observation that the methacrylate ester molety was not measurably
saponified under normal saponification concitions whereas the acrylate
moiety was readily saponified., ‘tnether the disintegration of the fiims at

. 50° C, relates to a slow saponification of the uethacrylate zciety or of
residual acrylate wciety incompletely saponilied in the pdreparation has not
been establi sbea.

the cther two copoljmer esters of Laole V were unst ccessfu¢.

4 copolymer acrylate/metracrylate ester was prepared by emulsion
pol;merization (5463-137 of Ta le IV) with the objective
c¥ obtaining a  product of znisher molecular welznt and superior physical
droperties. The product, Ld¢v:e counterparts obtained Ly solution polymeriza-—
tiorn, showed limited solubility in polar solvents but did respond to selectiw
hycrolysis to methacrylate/acryiic acid product. The product was also a1f¢er—
ent in not being measurably swollen by water., ZElectrolytic resistance was
much nigher than on films prepared from polymers by solution polymerization.

) 0‘ (7)




16,
b

e bffect on Resistance of Saturatin~ Tlectrolvte with Zine Oxide

The effect of saturating electrolyte with zinc oxide on the resisi~.
ance of key films is given in Tables VIa and b, hercas little effect was ob~-
served in 304 KCH, considerable effect was found in 453 XOH, reflecting the
greater solubility of zine oxide in the stronger KOH, Solubilities are
respectively 5.6 g/100 ml. and 11.5 z/100 ml. in 30% and 454 KOH.

TABLE yIa, Effect on Resistance of Saturatins 3035 KOH with Zn0
-~ Dry deslstance opecliic Xesistance (unms
Refer- L ' Thick~ millionas=in.2 per Swollen Thickness)
ence Composition ness 303 303 30 70H-7r0 30. ko4
mils KCH~ZnO K6 mils ochms—-cm mils ohms-cm
PUDO Cellopha.ne loo 11.2 706 303 803 3.3 509
522~119 Cl + 284 X lactate 1.7 35.3 2.8 1.9 38.0 1.9 20,7
522-62 MC + 9% KOH 1.5  62.9 L1.6  1.97 &3.3 1.97 55.0
534~105 PVAle (42-88) 1.5 36.1 25,6 2.6 35.2 2.6 25.0
L9985 PVAlc (20-98) 1.5 3.4.0 23.7 3.05 28.3 3.05 18,8
545-62 PVAlc 95/PVMi 5 1.5  25.8 16.5 2.8 23.4 2.8 15.0
534-63 EC + 33% K Acetate 1.5 29.6 20,0 1.8 41.8 1.8 28.1
S5L5-64 MC + 1073 MBANOH 1.5 22.0 21.8 1.9 29.4 1.8 29.2
TABIE VIb, Effect on Resistance of Saturating 457 KOH with ZnO
Dry Resistance Specific Resistance (Chms
Refer- Composition Thick-~ milliohms—in, per Swollen Thickness)
ence ness L5% 455 1575 KOH-/nC L5% XOH
mils KCH-ZnO KOH mils ohms-cm mils ohms-cm
PUDO Cellophane 1.0 19.6 - 11.6 3.1 6.1 3.0 9.8
522-119 Cl + 283 X Lactate 1.7 225. 68.6 2.6 220, 2.6 6649
522-62 IC + 93 KCH 1.5 340, Ails 2.2 393, 2.2 282.
563-101  PValc (42-38) 1.6 46,7 29.0 3.2 37.1 3.2 11.6
545=62 PVAlc(42-88)95/PVIHA 5 1.6 38,9 18.2 3.0  33.8 3.7 12.5
534-63 MC + 33% K Acetate 1.4 249, 53.8 1.8 351, 1,7 76.
545-19 XC +,10% MEANOH 1.3 92.5 61.7 1.6 147, 1.6 98.
1&99-15 03 - 106 4850 503' 203 5360 203 5550




17.

G, OCxicdation of Films by Silver Cxide in 30, XCH

It is of interest to examine whether increases in internal resistance
of a cell cbserved with continued cycling could arise from cherdcal chanze in the
separator. Iepresentative films were set up in 307 KCH, saturated with silver
oxide, and allowed to stand for periods ranging from three months toc over a year,
The 4g20~KCH solutions were renewed at least once a month to insure azainst deple-
tion ol dissolved silver oxide., The data swamarized in Table VII show that there
is a general tendency for resistance to be slowly lowered by continued exposure to
the alkaline silver solution. The cellcphane and polyvinyl alcohol films were, of
course, weakened by the treatment and had to be handled with care.

TABIS VII. Zffect of Prolonged 4g,0 Oxidation on Zlectrolytic Resistance
(3G KOH, saturated with 4g50)

Reference Type Thickness Days Resistance - :illi-
Dry  Soaked  Oxidized Qhrg=in, 2
mils mils orisinal oxidized
PUDO Cellophane 1.0 2.9 532 7.6 5.3
374-61 PVAle (30-98 1.5 2.7 199 2447 23.9
"HEPYA79n  (A) 1.6 2.2 532 23.6 16,0
1,21-1C9 = () 1.6 3.1 522 1.0 8.6
L21-£6 C1l 1.5 2.2 217 72.8 L7.5
421-102 c2 1.5 2.4 522 19.0 19.8
421-99 c3 1.5 2.0 98 12.5 8.2
499~33 1C + 6% KOH 1.5 2.0 212 59.5 51.3
L99-758 C2a (F) 1.5 2.3 211 13.1 12.9
522-140 EC + K lactate 1.8 2.1 120 3L 26.6

Notes: PVile (42-88), tetraethylene glycol 22%

Methyl cellulcse 65, hydroxyethyl cellulcse 35
types are methyl cellulose compositions with PViLA
types are methyl cellulose compositions with PAA

C2 + 103 3-hydroxypropylamin

PN
Ted 5=
e’

o O
~

N
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d, Stand Tire Ixperinents - Tattery of Three Cell

[&H]

Prongred witnh C3

4 battery of three cells prepared at Durgess witnh (3 separator wes
submitted to successive stand times of 76, 104 and 174 days and the A.H,
capacity determined after each stand period by discharging atC/5 to 1 volt.
Charzinz rate was C/20 to 100/ of previous capacity. Data are swumrarized in
Table VIII.

TARIE VIII. - Stand Time IDxperiments — Zattery ol C3 Cells

-

Ampere Hours on Discrarze from led
Stand Time to 1,0 Vot

Days
Cell No, 1 Cell Ko, 2 Cell No. 3

Crarzed 1/20/66
DiSCharged L}/é/éé 76 80 75 9000 9. OL(,

Crarzed 4/6/66
Discharged 7/19/66 104 7.083% 7,08 7.0g8%

Charged 7/21/66
Discharged 1/9/67 1754 2.31 3.93 1.34

A

% Yot completely discharged. Amperes falling off,

Following the last discharge, the No. 3 cell was disassenbled and
the silver content of the first and fifth wraps determined, In Table IX the
results are compared with silver analyses on separators from two other cells
of different history, and from other sources.
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TAZIE IX, = Distribution ¢f Silver on C3 Senarator “Wraps

history mg  Ac/sq.  inch

Present SS 5.5 DBurgess Cell ,
3 successive stand times 21,7 2.05

Az/Ca Cell ES
3 months stand time
from J., P, L. - Seld 7.82

Ag/Zn Cell
after 85 cycles
KAD Crane 31.2 - 1.4

In the present experiment the silvered wraps snowed a clearly visible
gradient in silver distribution from the first to the 5th wrep as was the case
for wraps from the 4z/Zn cell after 85 cycles. The cell from JPL, waich was
shorted after a three months stand period, showed an even distribution of
silver from the first to the Ififth wrap.



Je ranving Tlectrodes with Sersrators

In the U=wrapping technique, two silver electrodes are placed butt
ends opposing across the lateral dimension of a rectansular separetor strip

and folded for several wraps in the lonzitudinal direction., The assextly is
then folded at the median line tc zive a U-bend enclosing the electrodes. This
ranipulaticn results in tension at the bend, and in some cases developrent of

cracks, especially in the cuter fcld, In all cases creases radiate froax the
voint of fold and, no deudt, stresses of unimcwn ragnitude,

Exerination of separators from unfilled cells prepared for NASA

tests, using our membranes, showed cracks at the fold, even occasionally in

the case of cellophane control cells, The most cracks were encountered in

the case of a cell prepared with a film in which Cl formmulation was modified by
the additicn of potassium lactate (DAS 5-9107-15, 22), about 30 of the folds
showing mnture. To establish whether this occurred from improper conditions of
electrode forms were carefully wrapped under 505 controlled relative
nunidity. The incidence of cracking was considerably reduced, rupture occurring,
elther nct at a1l in the case of the NAS 5-9107-15, 22 and in C3 separator, or in
the outside wrap. Nevertheless, it was clear from examination of the wraps that
7eak points were introduced by the U-wrap technique.

1o l».h
- s
iz

To study this mcre carefully the separators of principral interest in
the current contract were applied as U-wraps and, after g period of a few weeks
standinz in the folded condition, the films were carefully unwrapped for examina-—
ticn. None of the separators of the current study showed visible holes under a
stereomicroscope, However, many showed permanent creases radiating from the
fold, particularly in the outer wraps, suzgesting inciplent cracks. This was
particularly observable in the C3 wrap and in the NAS 5-9107-22 film {(C1 +
lactate).

In an attempt to determine whether physical weaknesses did in fact
exist at the folds, tensile strips were cut in the outer wrap portion of the
wawrapped separators so that the creascd portion was midway In the test strin.
Tensile strengths were then measured in comparison to adjacent areas containing
no cregses, QObservations were made of the point of break., Results are shown
in Table X.




TLEIS X - Iffect of Creasing on Tensile Strenith of Films
Fold dils Creased Samvlss Uncrezced Samnle
Filn No. Thick 5 Break at i i Shtrenzin
osi elonz.Crease(l) pei elons, Zetentio
C3 2 1.4 €,260 5 + 13,830 &
(574-60-3) 3 1.4 11,500 2 + 12,320 5
L Lok &,400 5 + 13,750 7
9,387 13,2C0 70/
IC o+ 2 1k 2,025 5 + 3,L30 L2
Kic 3 1.4 3,150 25 52 3,640 L
- ~ '
(574-40-4) 4 1.4 2,785 20 + 2,670 &
2,847 3,580 745
c1 2 1.3 5,400 5 s 5,950 15
Klact, 3 1.3 5,190 18 * 6,260 39
5,583 6,377 905
Bl + 2 1ok 7,030 48 - 7,430 €0
X Lact, 3 1.4 7,L50 50 hole 7,750 60
(57L~60~7) &4 1.4 7,030 43 - 8,100 62
7,167 7,757 927
1+ 2 1.5 8,760 28 + 16,550 45
8,5 KOH 3 1.5 11,2C0 40 - 9,990 30
(57L-60-5) L 1.5 7,950 18 - 2,930 26 A
PVile 95 2 1.2 15,800 ¢ + 16,350 L
PVl 5 3 1.2 16,050 & tear 16,050 (6)
(574-60=6) 4 1.2 14,800 10 + 15,020 6
15,550 15,807 994
XC + 2 Lok 5,660 22 + 5,7,0 25
e NCH 3 14 65550 4 - 5,690 14
(57L-60-2) 4 1.4 5,,10 15 - 6,030 20
5,&73 5,820 10173

(1) +

troke at crease
Lroke at cther locaticons other than crease.

/]

% conditions: Span 1%;  2%/min.; 15 mzn. wide sample PT 200 L

®
[0}
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t strenzth appeared te ve siznificantly recucea in
only two cases, C3 and the potassium acetate modified rmetnyl celiulcse Iilms,
althouzh the tendency to break at the crease occurred in xost cases

-
w3
P

There is some questlon as o

be essurmed that the MIT folid test is iudic

vraspins. Correlation with this test nas ©

Lelow 1000 are found. rowever, ancrng Iilms

lactate modified CL f£izm (BIT £lex 79C0) k
D

in the electrode wrappinz test. Possibly an actual T T
rore revealing than the relatively mild action of the :IT test.

Cre methed of relicving stresses in the U wranning woulid be to
nlasticize the critical area, that is the median lire alonj which the final
U bend 1s made. 4is & groundwori for this approach a muiner ol raber—-contelining
*“csitions waich swelled a C3 film without dissolving it were used to test
their effect on the flexibility of the film., In parallcl experimencs these
same compositions were vainted down the median line of eleciroce wraps belore
the electrode forms were U-wrapped., After three days stand the forms were
then unwrapped and examined, Results are swumarized in Table X1,
. lrLDI.._a -
ie L
Sanple lasticizer on Films Plasticizer Apvlied Dovn Vedian Iine
Soaked in Tire A:ter
Plasticizer  Application Cbservations after 3 days
=il cycles in. folded
7 Kore 1.5 L7G - - 2 small cracks
1 80 TE&/20 HoC 2.3 20,00C+ 30 no holes
2 90 TEA/10 HEoC 2.3 20,000+ 30 4 holes
3 €0 glycol/20 EoO 2.3  stretched 30 roles at corners, film
sticks
L 90 zlycol/10 E,0 2.2  stretched 30 holes at corners, & cracks
5 1006 glveol 2¢3 &3 30 heles at corners, 6 cracks
£ 3074 XCH 2.3 20,000+ 30 nc holes, non-sticky
) 307% KOH 2.3 20,000+ 1 1 hole

From the above it appears that a controlled dezree of soltening
at the rmedian b further study as a possible improvement in the
‘ art cf wrapping electrodes.




K. Thin Films in Combinations of Two Types

In the silver diffusion experiments of.the Second.Progress Report

it was found that films of polymers of high hydroxyl centent such as cello-

phane, polyvinyl alcohol and hydroxyethyl cellulose are effective barriers
for silver ions., The barrier action was shown to be chemical, silver being
reduced by the membranes and deposited there as metal.

Cn the other hand, oxidation-resistant types, as exemplified by
methyl cellulose formulations, permitted some diffusion of silver but showed
superior performance in field tests in retarding zinc penetration., These
findings suggested that a combination of the two types provide a superior
separator system for the silver/zinc cell.

An early attempt to apply this principle was the development of
the triple laminate film (C3/PVAlc/C3)- (WAS 5-$107-5). Although performance
in cells of this separator were fairly satisfactory, control difficulties in
the manufacture of the films indicated that exact duplication might be quite
difficult to achieve, An alternative approach was to inclucde polyvinyl alcchol’
in a methyl cellulose-polyacid formulation (NAS 5-9107-11) as a homogeneous
film, It was found, however, that polyvinyl alcohol so distributed was not
efficient as a silver barrier.

The present scheme is based on casting thin films of the two types,
superimposing the thin films, and wrapping the electrodes in the double thin
films, Thus, films cast at half the usual thickness give alternate layers of
the two types without introducing additional separator material. Another
advantage to be expected is reduced chance of cracking at the folds because
of the much greater flexibility of thin films as shown in Table XI1I.

TABIE XIXI, =~ ZIEffect of Film Thickness on Flexibility

MIT Flex 200 g. Tension 504 R.H.

Composition mils Cycles mils Cycles

c3 0.6 1,865 1.5 754

¥C + Me NOH 0.6 14,633 1.5 5,295
Cl T+ Lactate 0.7 11,411 1.5 3,554
¥C + KOHc ' 0.6 »20,000 1.4 10,340
"MC + KOH 0.9 8,53L 1.5 2,803




It was pertinent to inquire whether the introduction of
additicnal surfaces would result in a specific resistance greater for a given
conbination than the addition value for the individhal films, Accordingly,
a number of potential combinations of the two types of thin films were tested
as pairs in the Kelley-Salkind resistance cell as shown in Table XIII,
Results generally showed that the combinations gave the additive resistance
of the individual films. The tests were made under ideal conditions, that
is, the specimen films were equilibrated for three days in the electrclyte
and placed quite wet together before being secured in the cell, It was
noted, however, that when the scaked specimens were blotted before assenbly
inordinately high resistances were encountered. It appears, therefore, that
complete wetting of the electrode wrap of thin films would be essential to
proper performance,

A nunber of thin film combinations were prepared for cell tests
in the Norberg Laboratory., Results will be reported in the Fourth Quarterly
Reporto ‘




TAEIE XIII-a.

25«

Resistance of Thin Films, Sinzly and In Pairs (307 X0H)

s . Resistance
Thickness ohms-cnm besed
Films Composition Dry Swollen millionms=in, on Swollen
mils mils® Found Calctd, Thickriess
574,-15  C3  (thick) 1.5 2.5, 13.3 . o 13.3
547-19 c3 0.7 1l.18 Lo 56 9.8
574~25 c3 0.7 1.18 5.89 12,7
563~17-6 PVAlc (30-98) (thick) 1.5 2.88 19,00 16.8
574=9 PVale (30-98) 0.7 1.33 8.55 16.3
574-28 PVAlc (L2-88) 0.8 1.39 10,07 18.4
574-7 PAle (L2-88) 0.8 1.39 9.12 16.6
5748 PVAle (42-88) 95/PVi2A 5 0.8  1.58 7.60 12,2
574-21 C3 pH 8 + 5% TEA 0.7 1.06 20,5 49.1
57L=22 C3 pH 8 + 5% TEG 0.7 1,06 16.91 40,5
574-20 10 + 28% X ILactabe 0.6 .95 101 107.
574-26 Cl + 28% K Lactate 0.8 1.08 6.65 15.6
574=50 MC + 28% MeNOH 0.7 .89 13.3 38.0
574-27 MC + 33% K Acetate 0.7 «8L L.18 12.7
[5%-9  PVale (30-98) 0.7  1.33 13.87  Llhobd 13.87 |
{574=25 c3 0.7 1.18 J
574~28 PVAle (42-88) 0.8 1.39 17.29 15,96 17.1 :j
' 574=25 C3 0.7 1.18
57,-28  PVAle (L2-88) 0.8 1.39 (5L.6) 26,99  56.8
}574-22 C3 pH 8 + TEG 0.7 1.06 :
[574-26  C1 + 264 K Lactate 0.6  1.08 173 1672 17.8 1
574-28 PVAlc (42-88) 0.8  1.39 '
"574—26 Cl + 284 K Lactate 0.8 1,08 13.1 15.2 13.5 1
| 574~9 PVAle (30-98) 0.7 1.33 _l :
(574,-27  IC + 33% X acetate 0.7 .6 Y63 125 16.6
574~28 PVAlc (42-88) 0.8  1.39 4
[ 57L,~29 "PVAlc (42-88) 95/PVIMA 5 0.7 1.58 12,92 13.30 12.3 7
57426 Cl + 264 K lactate 0.8  1.08 g
[574-50  MC + 10 MeyNOH 0.7 .39 7
7429 . PVAle 95/PViddA 5 0.7  1.59 22,0 26,2 22,6

%Swollen thickness is calculated from weight of 30% KOH picked up




TABIZ XIII-b., Resistance of Thin Films, Sinsly and In Pairs (45,7 ¥CH)

ogesistance
v, 2 rya e 1 3
. Thickness cnris—cn based

Films Composition _ Dry Swollen rilliohms~in, 2 ©n Swollen
mils rails* Found Calctd, . Thickress
L99-65 PVAle (thick) 1.5 2.88 31,5 27.8
574L-9 PVAle (30-98) 0.7 1.73 10,1 4.8
57"4»"'1 PVA].C (30-98) 007 1073 907 124-02
57L-28 PVale (42-88) 0.8 1,76 7.5 10.8
570=7 PVAle (42-88) 0.8 1.76 8.9 12,8
57L-8 PVAlc (42-88) 95/PVilA 5 0.8 .97 7.2 9.3
574=-29 PVAlc (42-88) 95/PNIA 5 0.7 1.72 A 9.5
574~19 c3 0.7  1.18 24,0, 520.
574=15 €3 (thick) 1.5 2.54 368. . 368,
574=21 C3 pH 8 ¥ 5% TEA 0,7 1,12 48.6 104.
57L-22 C3 pH 8 + 5% TEG 0.7 1l.18 L4 g9,
574=27 MC + 33% K Acetate 0.7 .82 L.,6 14,3
574~20 NC + 287 K Lactate 0.8 <94 170.0 L60,
57,-18 . Cl + 28% K lactate 0.8 1,10 9.1 21.0
57426 Cl + 28% K Lactate 0.8 1,10 8.9 ’ 20.5
. 5T4=50 MC + 107 Me,NOH 0.7 <94 22,2 60,
574=9 PVile (30-98) 0.7 1.73 216. 304 189,
574-25 C3 0.7 1l.18
[574-28 PVAle (L2-88) 0.8  1.76 248, 302. ZM.J
157425 3 0.7 1l.18 <
[574,-29  PvAlc (42-88) 95/PVIMA 5 0.7  1.72 23.0  15.3 28.6]
1574-26 Cl + 287 K Lactate 0.8  1.10 j
(574-28  Pvalc (L2-88) 0.8  1.76 167, 17s. 11;9.]
1574-20 MC + 28% K Lactate 0.6  1.10
57428 PVAle (42-88) 0.6  1.76 23, 16.4 20.1{1
574L~-26 - C1 + 28% K Lactate 0.8 1.10
57L~28 PVAle (42-88) 0.8  1.76 19.2 12,1 18.5
574L=27 MC + 33% K Acetate 0.7 82 4
[574,-26  PVAlc (42-88) 0.8  1.76 45.2  48.9 39.2
L571+-22 C3 PH 8 + 5% TEG 0.7 1.18
{57450 MG + 10% Me,NOH 0.7 9L 40.3 28.6 109,
{5T4=29 PVAle 95/PVITA 5 0.7  1.72

*¥Swollen thickness is calculated from weight of 457 KOH picked up.




ITEIS OF KEY TECHNCIOGY

I. PRE~CCOLING MUMERAMNES TO INCREASE THEIR CCNDUCTIVITY

Pre-coolinz a methyl cellulose membrane at below =55° C. in 303
potassium hydroxide solution lowered the resistance of the membrane at room
temperature from 590 to 60 milliohms~in. The low resistance persisted over
a 134 day period. Increased swelling and increased diffusion rate for silver
were also brought about by the pre-cooling cycle.

Application of a similar pre-cooling cycle to compositions in
which methyl cellulose is modified by polar additives can result in still
sreater decreases in resistance, even to levels lower than that of cellophane,
Since silver diffusion rate would be correspondingly high, such films by them-
selves might not be appropriate for use in secondary Ag/Zn or Az/Cd cells,
Study of their use in layered combinations with films which scavenge silver
is recommended. Investigation in other types of cells, such as zinc-oxygen,
is also recommended,

II, PRE-SOAKING MEMBRANES IN I1ESS CONCENTRATED ALKALI
TQ IMPROVE THEIR CCNDUCTIVITY IN CONCENTRATED ALKALT

Pre-soaking methyl cellulose membranes in 15% KCH not only lowers

their electrolytic resistance in either 3037 or 453 KOH, but also increases swelling

and perrmeation to silver ion, Application of this pre-scaking procedure to

compositions in which methyl cellulose is modified by polar additives can result

in still zreater changes. Electrolytic resistance can be decreased to levels

lower than that of celloprhane., Since silver diffusion rate would be correspond-

ingly high, such films by themselves might not be appropriate for use in secondary

Aig/in or Ag/Cd cells. Study of their use in layered combinations with films
which scavenge silver is recommended. Investigation of other types of cells,
such as zinc-oxygen, is also recommended.

III, }ETHYL CELIUILOSE-TZTRAMETHYIAMMONIUM HYDROXIDE COLPOSITICN FOR FIILS

Flexible films which had excellent conductivity in 457 potassium
hydroxide were prepared with the composition one part tetramethyl ammonium
hydroxdide to ten parts methyl cellulose, MIT flex of the dry film was greater

than 4000 cycles at 505 R.H. Electrolytic resistance in 453 KOH was 54 I 8 ohms-

cm, Preliminary evaluation in Ag/Zn cells was promising.
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ITEIS _OF NEW TECHNCIOGY  (CONTINUED)

IV. BUFFERING 1ZTHYL CELIULOSE-POLYACID FILNMS TO I#PROVE CONDUCTIVITY

The resistance in 457 XOH of C3 films is lowered from 500 to
19 milliohms-in.< by casting the f£ilm from aqueous solution buffered with KOH
to pd 8, Silver diffusion rate is concomitantly increased three-fold.
Practicality of these buffered films is for the present limited by difficulties
in their manufacture. ' :

V. SEPARATOR FIINS FROM METHACRYIATE-ACRYIATE COPOLVIERS

Films may be made from certain copolymers of methacrylate esters
with substituted ammonium acrylates, These films are sufficiently Iflexible to
be handled in operations such as wrapping electrodes, ZIZlectrolytic resistances
vary with polymier composition, Values as low as for cellophane in 30-407 KOH
can be reached, but silver diffusion is then correspondingly high. The copolymers
are prepared by selective hydrolysis of copolymers of methacrylate esters
with acrylate esters, followed by partial or complete neutralization of the
resultant acrylic acid copolymer by addition of an amine base.

VI. PREPARATION OF NON-CRACKING U-WRAPS FOR ALKALINE BATTERY CmlLLS

When the U-bend technicque is used to wrap separator membranes
around electrodes, it has been observed that even relatively flexible films
sometimes exhibit a tendency to crack at the U-bend if not handled with exces-
sive care. An effective way of decreasing the chance of such damage has been
found to be the prior application of electrolyte solution to the area to be
stressed, Other plasticizing solutions might serve the same purpose, but
electrolyte solution has the advantage of substantially adding nothinz to the
final assembly.




